size in females becoming prevalent in the population. There is strong evidence that this condition of increasing clutch size with increasing body size is generally satisfied in many (most?) invertebrates and ectothermic vertebrates (e.g., Breder and Rosen 1966; Tilley 1968; Salthe and Mecham 1974; Ridley and Thompson 1979;  for an exception, see Andren and Nilson 1983) . Litter or clutch size is less clearly correlated with maternal size in endothermic vertebrates, although such a relationship has been documented for some taxa (RaIls 1976) . The scarcity of records of this phenomenon in endotherms may simply reflect the limited range of adult body sizes caused by determinate growth. The almost ubiquitous correlation between fecundity and maternal size in ectotherms suggests that a single general causal principle may be involved; the simplest explanation would be that larger females have more space inside their bodies to carry eggs or embryos (e.g., Williams 1966) . In keeping with this interpretation, the ratio of combined offspring mass to maternal mass tends to remain fairly constant over a wide range of maternal sizes within a species (e.g., Pianka and Parker 1975; Shine 1977; Kaplan and Salthe 1979) . Hence, the assumption that fecundity increases with maternal size seems often to be satisfied (and if it results simply from space constraints, it is likely to be almost universally true).
Investigation of the logic of the hypothesis, however, reveals a serious flaw. Life history theory predicts that traits should evolve so as to maximize lifetime reproductive suc~ess, not instantaneous reproductive success at any single breeding season. Even assuming that fecundity is equivalent to reproductive success (Le., ignoring effects of maternal age, fitness of progeny from different clutch sizes, etc.), a large female producing a large clutch does not 'necessarily have a higher total lifetime production of offspring than an equivalently aged small female producing a small clutch. The relative benefits of the two "strategies" depend on whether there is a trade-off between growth and reproduction. If energy or nutrients are limiting, then a female is faced with the "choice" of investing in either growth or reproduction: any allocation to body tissue reduces her allocation to reproduction. Under such circumstances, a large female must be one that has forgone reproduction (or significantly decreased reproductive output) earlier in her life. Under a simple energy-limitation model in an iteroparous species, in which energy availability is independent of adult size, a female's optimal strategy for maximizing lifetime fecundity must be to cease growing after maturity and to allocate all of her available energy to offspring. Investing in growth is useful only if it increases her survival (perhaps by outgrowing predators) or energy intake (perhaps by enabling her to eat a wider range of prey items). Although having a larger body would potentially increase her fecundity, this increase would be realized only if enough energy were available to produce the offspring to fill this space; unless energy intake increased with body size (or energy was unlimited), this could not happen. Alternatively, a female faced with high fecundity-independent costs of reproduction could benefit from producing less frequent but larger clutches (Bull and Shine 1979) , but this is likely to be a special case.
These arguments suggest that the fecundity-advantage model should apply mainly to animals that are not energy-limited. If surplus energy is available, females can maximize their lifetime production of offspring by growing rapidly without sacrificing reproductive output. Unfortunately, the degree to which natural populations of animals are energy-limited is difficult to assess. Changes in energy availability have been shown to cause changes in growth rate or fecundity in some species (Wise 1975 (Wise , 1979 Ballinger 1977 Ballinger , 1983 Dunham 1978; Andren and Nilson 1983; Seigel and Fitch 1985) but not in others (Bradley 1984; Davies and Lundberg 1985) . The overall prediction from these considerations is that an increase in fecundity with increasing maternal size may constitute a selective pressure for large female body size in some taxa (especially those for which energy is not limiting) but not in others. If energy limitation is common, the fecundity-advantage model should apply to relatively few species.
A TEST OF THE MODEL How can one test Darwin's fecundity-advantage model? The obvious prediction from the model is that body size in females should evolve so as to be larger when the fecundity advantage applies than when it does not. Unfortunately, since absolute body size is influenced by a wide array of evolutionary and environmental factors, interspecific comparisons of absolute female body sizes would be hopelessly confounded by the action of extraneous variables. One solution to the problem is to use male body sizes as a control, that is, to look at the degree of sexual size dimorphism, rather than absolute female size. This method relies on the assumption that determinants of male body size do not differ systematically between groups in which fecundity increases with female size, compared with those in which it does not. Hence, the mean adult body size of females relative to that of males should be higher for species in which fecundity and maternal size are correlated than for species in which fecundity is independent of maternal size. Lizards offer the ideal material for such a test. An invariant clutch size (usually either one or two eggs) has evolved independently in several lineages of iguanid, scincid, gekkonid-pygopodid, agamid, and microteiid lizards (Fitch 1970) . If the main selective pressure for large female size is an associated increase in fecundity, then species with invariant clutch sizes have no such advantage and females should tend to be smaller (relative to males).
Available data about sexual size dimorphism in these groups of lizards do not show the predicted trend to smaller females in taxa with invariant clutch sizes. For anoline iguanids (which produce a single-egg "clutch"), the proportion of species in which females grow larger than males is similar to that for other iguanids (in which clutch sizes are variable and often correlated with maternal size) ( fig. 1 ; 23% vs. 18%, 2-by-2 contingency, X2 = 0.8, df = 1, NS). In pygopodids and gekkonids (all of which apparently have invariant clutch sizes; e.g., Fitch 1970; Patchell and Shine 1986) , females grow at least as large as males in most species ( fig. 1 ; Kluge 1974 Males are larger than females in two out of three populations of Tribilonotus pseudoponceleti, one skink with invariant clutch sizes for which data are available (Greer, pers. comm.). Since this situation is relatively rare among skinks in general (males are larger in about one-third of the species; Pitch 1981), this case may be consistent with the prediction. A stronger test of the model comes from data about American Samoan scincid lizards of the genus Emoia (Schwaner 1980) . Two species (E. nigra and E. samoense) show variable clutch sizes, with larger females tending to produce more eggs. In contrast, clutch size is unrelated to maternal size (and essentially invariant) in three other congeners (E. lawesii, E. adspersa, E. cyanura). Males attain slightly larger body sizes than do females in all five species (Schwaner 1980) . Thus, comparison of species having invariant clutch sizes with related taxa showing variable clutch sizes does not reveal any examples (except perhaps for Tribilonotus) showing the predicted shift toward smaller females in the absence of a fecundity advantage to large size. These data, involving at least seven separate phylogenetic lineages of lizards, appear to falsify the main prediction of the fecundity-advantage model.
In other animal lineages, some taxa show a relationship between maternal size and fecundity, whereas other taxa do not. The problem in most such cases is that insufficient data about reproductive biology, adult body sizes, and phylogenetic affinities are available for testing predictions of the fecundity-advantage model. One group that may conform to the prediction is the Gymnophiona (Amphibia): females are larger than males for several species in which fecundity increases with maternal size, but no sexual differences in body size are apparent for one taxon (Dermophis mexicanus) in which fecundity is independent of adult body size (Wake 1980) . The difficulty with this case is that too few data are available for a comparison among closely related taxa.
ALTERNA TIVE MODELS.
One could argue that these kinds of comparisons do not, in any case, constitute a fair test of the model, because I have interpreted "fecundity advantage" too narrowly; that is, I have considered only the number of offspring per clutch as a measure of fecundity. Large body size in females might confer some reproductive advantage oth~r than clutch size per se; for example, larger females may produce bigger offspring or reproduce more frequently. Perhaps these types of fecundity advantages are the reasons why females are large even in species with invariant clutch sizes. Unfortunately, it is difficult to incorporate this expanded concept of fecundity advantage into Darwin's original hypothesis. His argument depended on the observation that larger females tended to produce larger clutches. Not only is this observation well supported empirically, but it is intuitively reasonable (small females simply cannot fit as many eggs into their body cavities as can larger animals). The dependence of other components of female reproductive output on body size has less support either empirically or theoretically.
1. Offspring size.-Larger females within a species do produce slightly larger offspring in some taxa (e.g., turtles, Congdon et al. 1983) but not in many others. The latter category includes various anolines, geckoes, and skinks with invariant clutch sizes (Andrews and Rand 1974; James 1983; How et al. 1986; Vitt 1986 ). Except for taxa in which a rigid pelvic-girdle opening constrains maximal offspring size, it is difficult to see why strong correlations between maternal size and offspring size should be expected. Further data on this question would be of value.
2. Reproductive frequency .-Relatively few data are available for frequency of reproduction, especially in species with invariant clutch sizes. An increased clutch frequency in larger females seems unlikely for taxa in which females produce only a single annual clutch (as may be true for many pygopodids; Patchell and Shine 1986; see also How et al. 1986 ). The only obvious reasons why a larger female should be able to reproduce more frequently would be if energy intake increased with female body size in an energy-limited species (note that this should not apply if energy is not limiting), or if females faced a lower risk of predation during reproductive activities. Both situations are plausible, but probably not particularly widespread. Hence, the hypothesis that large female size allows higher reproductive frequency has little empirical support or theoretical justification, at least as a generality. Because the only likely bases for such a relationship would be advantages in energy intake or survival of larger females, the hypothesis essentially relies on ecological differences between females of different sizes as the selective force favoring large body size. This is very different from Darwin's original hypothesis.
CONCLUSIONS
These data and arguments do not show conclusively that Darwin's fecundityadvantage hypothesis is invalid, but they do suggest that it may apply to only a limited set of species. The degree to which female reproduction is limited by energy availability may be an important determinant of the applicability of Darwin's model. The demonstration that clutch size increases with maternal size is therefore not a sufficient basis from which to infer that natural selection should favor large female body size. Empirically, sizes of adult females do not consistently shift relative to those of males in taxa showing a fecundity advantage to large maternal size compared with taxa lacking such a fecundity advantage.
Why, then, are females larger than males in most species of animals? There remain several possibilities, anyone (or more) of which may be valid for any given taxon. For example, energy limitation..may be rare, and the fecundity-advantage model may be valid for many taxa. Alternatively, bigger mothers may produce "fitter" offspring for many reasons (Ralls 1976), or other advantages, especially higher rates of energy intake and higher survival rates, may accrue to large females. There may be circumstances wherein sexual selection favors relatively small size in males, perhaps because of enhanced mobility. Lastly, sexual size dimorphism in some species may simply reflect survival differences if growth continues after maturity; there may be no need to invoke adaptation in such cases. 
